P a i s . This interpretation a s s u m e s the production of a n o r m a l 6' and a KO 0 with no associated hyperon, where the B i s observed and the KO i s i n f e r r e d from the rule of associated production of heavy unstable p a r t i c l e s . The event was obtained by exposing a h i g h -p r e s s u r e diffusion cloud chamber to a 4. 5 -~e v / c .rr--meson beam f r o m the Bevatron. The event i s m o s t reasonably int e r p r e t e d a s a -+ p + a -t p + 8' t ( n e u t r a l )
Energy and momentum conservation a r e satisfied by a n undetected n e u t r a l p a r t i c l e having a m a s s of 502
Mev. This i s consistent with the a s s o c i a t e d production of a 19' and a -$ according to the s c h e m e of Gell-Mann and P a i s .
Details a r e given and alternative interpretations a r e d i s c u s s e d .
*Also at the University of San F r a n c i s c o .
PRODUCTION O F A 8' P A R T I C L E WITHOUT AN ASSOCIATED HYPERON IN A IT--p COLLISION
William B. F o w l e r , G e o r g e Maenchen, Wilson M. Powell, G e o r g e S a p h i r , * a n d R o b e r t W. W r i g h t Radiation L a b o r a t o r y a n d D e p a r t m e n t of Ph.ysic s Univer s i t y of C a l i f o r n i a , B e r k e l e y , C a l i f o r n i a During an investigation of the i n t e r a c t i o n s of 4. 5 -~e v / c .rr-m e s o n s 1 0 x i t h p r o t o n s , a n i n t e r e s t i n g event involving the p r o d u c t i o n a n d d e c a y of a 8 w a s o b s e r v e d . Most of the p r e v i o u s l y r e p o r t e d 2 e x a m p l e s of production of heavy unstable p a r t i c l e s in .rr--p c o l l i s i o n s w e r e i n t e r p r e t e d a s due to t h e a ss o c i a t e d production of a K m e s o n and a h y p e r o n , An e x c e p t i o n is the e v e n t obtained by C e c c a r e l l i , G r i l l i , M e r l i n , Salandin, and s e c h i 3 in the G -s t a c k which 1s i n t e r p r e t e d a s two n e u t r a l K p a r t i c l e s ,
The g e n e r a l e x p e r i m e n t a l a r r a n g e m e n t i s shown i n F i g , 1. T h e ITm e s o n s w e r e p r o d~c e d by c i r c u l a t i n g p r o t o n s of 5. 7 Bev s t r i k i n g a c a r b o n t a r g e t inside the Bevatron. M e s o n s e m i t t e d in the f o r w a r d d i r e c t i o n u n d e r w e a t 0 r n o m e r~t u m a n a l y s i s b y deflections of 17. 6 in the m a g n e t i c f i e l d of the B e v -0 a t r o n and 10. 8 in a n e x t e r n a l analyzing m a g n e t . A 4-foot-long s t e e l c o l l im a t o r with a 6-inch-wide gap w a s i n s e r t e d between the B e v a t r o n and the a nalyzing magnet. Beyond a c o n c r e t e shielding wall the m e s o n b e a m e n t e r e d a diffusion cloud c h a m b e r which w a s 65 f e e t f r o m the t a r g e t . The c h a m b e r -$Also a t the U n i v e r s i t y of San F r a n c i s c o , 1 Maeachen, Powell, S a p h i r , and W r i g h t , P h y s . Rev. 9 9 , 1619 Rev. 9 9 , (1955 W a l k e r , P h y s . R e v . 1 0 0 , 1264 ( 1 9 5 5 ) . 3 -C e c c a r e l l i , Chilli, M e r l i n , Salandin, and Sechi, Nuovo C i m e n t o -2, 828 ( 1 9 5 5 ) .
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(which h a s been described previously ) was filled with hydrogen gas a t 36 at - Since all the momenta a r e well m e a s u r e d , we can calculate the masE M of an assumed n e u t r a l particle o r the effective m a s s of a combination of n neutral p a r t i c l e s that is needed to account for the missing e n e r g y and momentum
The missing energy E depends on the v a r i o u s possible choices of for the n visible p a r t i c l e s ; the n e u t r a l m a s s M = 4 -will thus depend on these n choices. These v a r i o u s interpretations and the resulting Mn a r e s u m m a r i z e i~ in Table 91 . agreement with the value to be expected i f the 9 m a s s w e r e equal to 4 9 3 . 4 t Mev, the T m a s s . Only this momentum was adjusted, because i t contributes nearly a l l the uncertainty in Q . Table I1 Various interpretations of the event shown in Fig. 2 . M i s the effective n m a s s corresponding to the missing e n e r g y and momentum. M n( 1) Was calculated from the momenta in Table I 
Case D K -t p -p t n -t p t~~
The e r r o r s l i s t e d in Table I c o r r e s p o n d to about 1 . 5 s t a n d a r d e r r o r s , and include estimated gas distortion in the cloud chamber a s well a s m e a s u r e -, m e n t uncertainties. The l a t t e r w e r e estimated f r o m the internal consistency of four s e t s of m e a s u r e m e n t s of the event, which indicated that both f o r angles and for c u r v a t u r e s t h e r e i s one chance in ten that the t r u e value l i e s outside the e r r o r s used, The gas distortion w a s estimated by measuring c u r v a t u r e s of beam t r a c k s a t one of the t i m e s when the magnetic field was t u r n e d off briefly however, corresponds to M in Reaction A , and i t s e r r o r h a s been reduced nb 2 t o corredpond to one standard e r r o r , It i s of i n t e r e s t to consider the r e a c t i o n s listed in Table I1 f r o m the 3cint of view of the scheme of Gell-Mann and p a i s 5 for the classification of heavy unstable p a r t i c l e s . In this theory the usually observed 0' i s p a r t of an 0 isoropic spin doublet, 8 €lt, with "strangeness" S = t l ; i t s a n t i p a r t i c l e , the GO, i s p a r t of the doublet go 8-with S = -1. The A and Z hyperons a r e assigned S = -1 , Selection r u l e s for production p r o c e s s e s r e s u l t f r o m conservation of 0 the s t r a n g e n e s s quantum number in a l l strong interactions The T meson may have the s a m e doublet a r r a n g e m e n t a s the 0 , and could replace i t in these production r u l e s . We mention only the 8 h e r e although 0 0 we cannot differentiate between a 0 and a T a s the m i s s i n g n e u t r a l The m o s t reasonable interpretation of the event i s Reaction A: 0 r-t p -. p t 1~-+ 9 t ( n e u t r a l )
The neutral p a r t i c l e h a s a m a s s of about 500 Mev and can be either a n e u t r a l K meson or two o r t h r e e neutral pions. The l a t t e r interpretation violates t h e rule of associated production of heavy unstable p a r t i c l e s . If the a s s o c i a t e d production rule i s valid, then the neutral p a r t i c l e i s a K meson. This m e a n s 0 that in the Gell-Mann s c h e m e , either i t o r the observed V m u s t have S = -1 6 and be a p. The n e u t r a l particle left the sensitive region of the c h a m b e r in -10 a p r o p e r time of about 0 . 8 x 10 s e c .
As shown by the imaginary m a s s values in Table 11 , both R e a c t i o n s B and C may be ruled out, since they r e s u l t in m o r e missing momentum t h a n missing energy and thus cannot be balanced by any r e a l p a r t i c l e .
In Reaction D we consider the r a t h e r unlikely possibility t h a t our pion beam may have a s m a l l contamination of K m e s o n s . Such an e n e r g e t i c K-i s kinematically possible, and i t s proper t i m e of flight f r o m the t a r g e t to the -8 cloud chamber i s about 10 s e c . In this c a s e the missing neutral p a r t i c l e presumably c o n s i s t s of two o r t h r e e n e u t r a l pions. One may note that the 0 incident K -h a s s t r a n g e n e s s -1. In o r d e r to conserve s t r a n g e n e s s the V 0 whose decay i s observed m u s t have S = -1 and therefore m u s t be a B . T h u s with either Reaction A o r D we r e q u i r e the p r e s e n c e of a nuetral K m e s o n with S = -1.
We have considered only two other possible i n t e r p r e t a t i o n s . One i s that Prongs 1 and 2 a r e due to a v e r y rapid AO carefully,. and a t many points along the t r a c k the minimum detectable angle t was estimated and t r a n s f o r m e d to the c e n t e r -o f -m a s s system of the Z A ssuming the decay to be isotropic in the c e n t e r -o f -m a s s system, one finds t h a t l e s s than 4% of such decays could have escaped observation. The a c t u a l p r o bability of this interpretation i s somewhat s m a l l e r than this limit because roughly + half of these undetectable decays would r e q u i r e momenta for the Z that would not fit the kinematics of the original event. 
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